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(54) PRODUCTION OF PLANE OPTICAL WAVEGUIDE 
(57)Abstract: 

PURPOSE: To provide a novel method capable of easily 
producing a plane optical waveguide having diffraction 
gratings. 

CONSTITUTION: This process for production has a first 
stage for forming a first layer 12 added with germanium 
oxide by using quartz glass as a chief material on a 
substrate 10, a second stage for forming a core part 16 
as an optical waveguide region by irradiating the 
prescribed region of this first layer 12 with UV light, a 
third stage for forming the interference fringes of the UV 
light by irradiating the prescribed region of the core part 
16 with the UV light to form refraction gratings 26 in the 
core part 16 and a fourth stage for forming a second 
layer by using the quartz glass as a chief material on the 
first layer 12. The formation of the core part 16 is 
executed by the irradiation with the UV light in the same 
manner as for the formation of the diffraction gratings 
26 and, therefore, the flow over the entire part of the 
work is simplified. 
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[0016] 

First of all , in this example , a substrate 10 made of quartz 
glass (Si0 2 ) as a main component is prepared. The substrate 
10 is a lower clad layer of a planar optical waveguide. 
[0017 ] 

Then, a fine glass particle layer 12 is formed in which 
a core as anoptical waveguide region is formed . Although various 
methods for forming this layer 12 come to mind, a method in this 
example is adopted in which as shown in Fig. 1, an oxyhydrogen 
flame burner 14 is used and fine particles of quartz glass produced 
in a flame is blown directly onto the substrate 10 while feeding 
a process gas such as silicon chloride (SiCl 4 ) or the like serving 
as a raw material for fine glass particles into the oxyhydrogen 
flame together with a fuel (0 2 and H 2 ) • Further, during blowing 
of the quartz glass fine particles, germanium chloride (GeCl 4 ) 
serving as a dopant raw material is fed into the process gas. 
The burner 14 is repeatedly moved above the substrate 10, thereby 
forming the fine glas s particle layer 12 with a uniform thickness . 
[0018] ' 

Thereafter, the substrate 10 on which the fine glass 
particle layer 12 has been formed is heated in a sintering furnace 
(not shown) , followed by gradual cooling, with the result that 
the fine glass particle layer 12 is transformed into transparent 
glass. Thus, the quartz glass layer (a first layer) 12 doped 



with germanium oxide is formed on the substrate 10. 
[0019] . 

Although a thickness of the quartz glass layer 12 formed 
in such a way, a doping concentration of germanium oxide thereof 
and others are varied, it is preferable that for example, a 
thickness is 8 |Lim and a doping concentration of germanium oxide 
is 5 wt . % . 
[0020] 

Subsequently, as shown in Fig. 2, in order to form the 
core 16 as an optical waveguide region in the quartz glass layer 
12, the top surface of the quartz glass layer 12 is irradiated 
with ultraviolet from an ultraviolet light source 18 above the 
quartz glass layer 12. In this case, as the ultraviolet light 
source, for example, an argon laser light source (coherent 
ultraviolet emission of 244 nm in wavelength) or a KrF excimer 
laser light source (coherent ultraviolet emission of 248 nm in 
wavelength) is preferably employed. A mask 22 having a slit 
20 of the same pattern as the core 16 to be formed is placed 
between the quartz glass layer 12 and the light source 18 , followed 
by irradiation with ultraviolet from the light source 18. 
[0021] 

In irradiation with ultraviolet from the light source 18 , 
the ultraviolet is transmitted through the slit 20 of the mask 
22 , and only a desired section is irradiated . In the ultraviolet 
irradiated section in the quartz glass layer 12, a refractive 



index of the section gradually alters by irradiation with 
ultraviolet as described above to form the core 16. 
[0022] 

It is preferable that during irradiation with ultraviolet, 
for example, not only a light emitting element (not shown) such 
as an LED light source or the like is oppositely disposed at 
one end of a portion which is transformed into the core 16, but 
a light receiving element (not shown) is oppositely disposed 
at the other end thereof and light from the light emitting element 
is received by the light receiving element to monitor the light 
receiving amount. As with the irradiation with ultraviolet, 
the core 16 gradually forms, the light receiving amount of the 
light receiving element increases according to a degree of 
formation thereof; therefore, the core 16 having a desired 
refractive index can be formed by ceasing the irradiation with 
ultraviolet when a prescribed value of the light receiving amount 
is reached. In a case of the above doping concentration of 
germanium oxide, an ultraviolet irradiation time is usually in 
the range of 10 to 2000 sec. 
[0023] 

Note that the irradiation with ultraviolet should not 
continue until the formation of the core 16 is saturated. In 
this example, this is because, while a diffraction grating is 
formed by irradiation with ultraviolet in a similar manner after 
the formation of the core 16, diffraction grating cannot be 



substantially formed even if ultraviolet is irradiated after 

formation of the core 16 is saturated. 

[0024] 

After the core 16 is formed as described above, a phase 
grating 24 is substituted for the mask 22 as shown in Fig. 3 
and the core 16 in the quartz glass layer 12 is irradiated with 
ultraviolet while interfering in the ultraviolet through the 
phase grating 24 based on the normal phase grating method to 
thereby form a region in which a refractive index alters along 
an optical axis of the core 16 in a prescribed period. 
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